Abstract: Co-design and co-production with non-academic stakeholders has been recognized as a key approach in transdisciplinary sustainability research. The majority of transdisciplinary studies have been conducted in Europe and North America, with a marked lack of such research in the Asian context-particularly with regard to healthcare. Utilizing a case study involving mobile health check-ups performed using a portable health clinic system in Jaipur, India, from March 2016 to March 2018, this study identifies key factors in co-design and co-production that should be considered to ensure the project's sustainability. Thoroughly reviewing all of the documents and materials related to the case study's co-design and co-production, this study identifies the following key factors: (1) mutual stakeholder agreement on a long-term research plan, protocol, and budget; (2) harmonizing research objectives, frames, and the scale of stakeholder expectations; (3) stakeholders' commitment and a sense of ownership derived from their needs and priorities; (4) stakeholder trust; (5) effective coordinators; (6) personality type and characteristics of stakeholder leaders; (7) capacity building and the empowerment of local research staff and participants; and (8) continuous efforts to involve stakeholders throughout the co-design and co-production processes. Facilitating effective co-design and co-production, these factors will help ensure the future sustainability of projects.
Introduction
Involving both academic and non-academic stakeholders-such as governments, industries, and community members-co-design and co-production has been recognized as a key approach in transdisciplinary research [1] [2] [3] [4] . This approach has become increasingly popular because it helps achieve sustainable social impact [2, 3, 5, 6] . Moreover, this approach enhances the research process within the academic sphere of the social and natural sciences, as well as in terms of research practice and policy interrelationships [5] [6] [7] . Indeed, this approach is well-suited to transdisciplinary research, which favors enhanced knowledge, collaboration, and communication for sustainable during the co-design and co-production stage. During these processes, a number of meetings, consultations, and discussions were held with each stakeholder. In addition, two training sessions, six workshops, and six seminars were conducted with stakeholders. The content of these collaborative activities was documented in research reports, activity logbooks, and meeting minutes. These documents were coded and classified under several categories based on the lessons learned from co-design and co-production.
The PHC Research Project in Jaipur: Four Phases, March 2016-March 2018
Implemented in Bangladesh in 2010, the Portable Heath Clinic (PHC)-a remote healthcare system-was developed under the 2007 joint research agreement between GC and KU. A non-profit information technology (IT) company, GC is part of the Grameen Family of Organizations established by Dr. Muhammad Yunus, the Nobel Peace prize laureate and founder of Grameen Bank. Located in Bangladesh, GC provides software products, internet, hardware, networking services, and IT education [21] . An e-health service system, the PHC comprises a briefcase containing a set of medical sensor devices, allowing for mobile health check-ups and Skype telemedicine services in remote rural areas [22] [23] [24] [25] [26] (Figure 1 ). After KU Hospital joined the PHC project in 2012, the PHC focused on the prevention and management of non-communicable diseases (NCDs) such as diabetes, hypertension, and obesity. As of January 2018, more than 41,000 people at 32 locations in Bangladesh have used PHC services [25] . 
Phase 0: Co-Design and Co-Production Processes among KU, GC, and the BGC
Part of the Future Earth project, the PHC project was initiated in India in March 2016 as a community-based health study co-operatively run by KU, GC, and the BGC (Figure 2 ). In addition to funding from KU's Institute of Decision Science for a Sustainable Society, KU provided technical support for the research design, methodology, and data analysis-which was conducted from interdisciplinary perspectives such as clinical medicine, public health, nursing, the social sciences, as well as information and communications technology (ICT). GC trained healthcare workers to use the PHC system software and services. The BGC served as a community coordinator linking KU and GC with local stakeholders in India, while providing human and facility resources for field research. The BGC is a non-profit educational organization that is committed to improving girls' education and empowerment in the Indian state of Rajasthan. Founded in 1997, the BGC has two campuses with more than 4000 students majoring in science, management, engineering, technology, and nursing. The BGC's initial collaboration began in 2012, when a BGC research and development director expressed strong interest in the PHC. 3.1. Phase 0: Co-Design and Co-Production Processes among KU, GC, and the BGC Part of the Future Earth project, the PHC project was initiated in India in March 2016 as a community-based health study co-operatively run by KU, GC, and the BGC (Figure 2 ). In addition to funding from KU's Institute of Decision Science for a Sustainable Society, KU provided technical support for the research design, methodology, and data analysis-which was conducted from interdisciplinary perspectives such as clinical medicine, public health, nursing, the social sciences, as well as information and communications technology (ICT). GC trained healthcare workers to use the PHC system software and services. The BGC served as a community coordinator linking KU and GC with local stakeholders in India, which providing human and facility resources for field research. The BGC is a non-profit educational organization that is committed to improving girls' education and empowerment in the Indian state of Rajasthan. Founded in 1997, the BGC has two campuses with more than 4000 students majoring in science, management, engineering, technology, and nursing. The BGC's initial collaboration began in 2012, when a BGC research and development director expressed strong interest in the PHC. During Phase 0, the PHC aimed to provide mobile health check-ups as a small-scale pilot project in order to understand the current health conditions among targeted rural communities in Jaipur District. At this stage, the project was designed to reduce the prevalence and incidence of NCDs such as diabetes, hypertension, and obesity among rural communities through sustainable co-operation with local government agencies and communities. In the longer term, the project sought to improve the health status of rural groups by establishing a sustainable healthcare business model in Jaipur District. These objectives and vision were shared and agreed upon by KU, GC, and the BGC to achieve some of the UN's Sustainable Development Goals (SDGs), including "good health and well-being" (SDG3) and "partnerships for the goals" (SDG17). However, a detailed long-term research plan, protocol, and budget were not developed at this early phase due to the uncertainty regarding funding and the absence of an official collaboration agreement between KU and the BGC.
In early February 2016, several Skype meetings and email exchanges were conducted between KU, the BGC, and GC to create a research activity plan and organize a joint PHC staff training initiative in Jaipur. Consequently, a five-day training session was conducted in early March 2017 at the BGC's Jaipur campus. Three PHC trainers from GC, three staff members from KU, and more than 20 nursing students and instructors from the BGC participated in the training initiative. Thereafter, between March 2016 and March 2017, PHC mobile health check-up services were implemented on an irregular basis at BGC's two campuses. These services were free of charge. A total of 437 people (local residents, BGC staff, and students older than 18) voluntarily participated in the PHC project. While the services were predominantly arranged, advertised, and conducted by local trained BGC staff, KU and GU staff occasionally visited the campus to monitor the implementation process.
Basic participant demographic characteristics (such as age, sex, and education level) were collected using a standardized registration sheet. The following anthropometric and clinical data were measured or tested during an individual's check-up: (1) height; (2) weight; (3) hip circumference; (4) waist circumference; (5) body temperature; (6) systolic blood pressure; (7) diastolic blood pressure; (8) blood glucose; (9) blood hemoglobin; (10) urinary glucose; (11) urinary protein; (12) blood cholesterol; (13) blood uric acid; (14) pulse rate; and (15) blood type. Based on the results of each test, the participant's health status was categorized into one of four color-coded risk levels: During Phase 0, the PHC aimed to provide mobile health check-ups as a small-scale pilot project in order to understand the current health conditions among targeted rural communities in Jaipur District. At this stage, the project was designed to reduce the prevalence and incidence of NCDs such as diabetes, hypertension, and obesity among rural communities through sustainable co-operation with local government agencies and communities. In the longer term, the project sought to improve the health status of rural groups by establishing a sustainable healthcare business model in Jaipur District. These objectives and vision were shared and agreed upon by KU, GC, and the BGC to achieve some of the UN's Sustainable Development Goals (SDGs), including "good health and well-being" (SDG3) and "partnerships for the goals" (SDG17). However, a detailed long-term research plan, protocol, and budget were not developed at this early phase due to the uncertainty regarding funding and the absence of an official collaboration agreement between KU and the BGC.
Basic participant demographic characteristics (such as age, sex, and education level) were collected using a standardized registration sheet. The following anthropometric and clinical data were measured or tested during an individual's check-up: (1) height; (2) weight; (3) hip circumference; (4) waist circumference; (5) body temperature; (6) systolic blood pressure; (7) diastolic blood pressure; (8) blood glucose; (9) blood hemoglobin; (10) urinary glucose; (11) urinary protein; (12) blood cholesterol; (13) blood uric acid; (14) pulse rate; and (15) blood type. Based on the results of each test, the participant's health status was categorized into one of four color-coded risk levels: (1) green (healthy); (2) yellow (caution); (3) orange (affected); and (4) red (emergent). These data were analyzed by the BGC coordinator and KU research staff and presented at the annual BGC conference in Jaipur in October 2017, as well as at the Future Earth conference in Fukuoka, Japan, in December 2017. In summation: during Phase 0, KU, GC, and the BGC conducted the pilot studies, developed the research plan, carried out training, implemented the research, analyzed the data, and determined the results from a feedback workshop (Figure 3 ). (Figure 3 ). 
Phase 1: Co-Design Process with Local Government Agencies
During Phase 0-that is, the pilot phase-KU and the BGC realized that permission and approval from local government agencies would be necessary to officially implement the PHC project in Rajasthan State (Figure 4) . Consequently, the KU and BGC research teams visited the following agencies in May 2017: the Government of Rajasthan's Department of Medical, Health, and Family Welfare; the Kalwar Village Office; and the Kalwar Health Center (Figure 2 ). This process was greatly facilitated by the BGC having pre-established relationships with the mayor of Kalwar Village and a director of Rajasthan's Department of Medical, Health, and Family Welfare. At their initial meeting with government stakeholders, the KU and BGC research teams explained the visions, objectives, and activities of the PHC project. Their priorities, needs, and roles were then discussed, resulting in six changes to the project. First, the government stakeholders requested that several health check-up components be added to the, namely maternal and child health (MCH), as well as oral health. Similar to NCDs, these are significant health issues in both Rajasthan and greater India. Second, they requested that PHC services be provided to community residents free of charge for the first year in order to gain their trust and satisfaction. Third, the government stakeholders requested that the project be used to promote health awareness-especially disease prevention-since the majority of citizens do not seek healthcare services unless they have severe symptoms or pain. Fourth, the stakeholders requested the production of data-based evidence that PHC services are effective in changing people's health behaviors and preventing the spread of disease. A time period of two years to gather data was suggested. Fifth, they advanced the need to make the project replicable in other villages and districts in Rajasthan, thus ensuring that the project can be scaled up. Finally, the government stakeholders requested that the project be aligned with India's national health policy framework and mission.
Under these conditions, the government stakeholders authorized the implementation of the PHC project in Kalwar Village. Following this initial meeting and consultation, the BGC and KU research teams had additional face-to-face meetings with the village's mayor and a medical doctor at Kalwar Heath Center to re-design the PHC research plan and protocol ( Figure 2 ). Phase 1 also included an informal brainstorming dialogue with local Ayurvedic doctors-that is, practitioners of Ayurveda, a traditional Hindu system of medicine-and World Health Organization (WHO) officers to improve our research plan. Therefore, Phase 1 constituted the expansion of collaboration with both government and non-governmental stakeholders ( Figure 5 ). While the project's research objectives, plan, and protocol were revised to reflect the requests of the government stakeholders, their first request proved problematic due to limited financial and human resources during Phase 1. As such, the project did not add MCH and oral health check-ups to the PHC services at this stage. 
Phase 2: Co-Design and Co-Production with a Civil Society Organization
Phase 2 began in October 2017, when KU and the BGC signed an official academic collaborative agreement. Based on the revised research plan and protocol (Phase 1), we decided to investigate the health needs, priorities, and longitudinal effects of the PHC services among different population cohorts in Jaipur District. To achieve these goals, it was necessary to provide check-ups to the same individuals over a period of time in order to monitor changes in their health status, behaviors, needs, and priorities. We recognized that it was easier to follow up with members of civil society organizations than with general community residents over the years. Consequently, the BGC first contacted Brahma Kumaris World Spiritual University (BKWSU) as a potential stakeholder able to provide a target population group ( Figure 2 ).
Established in India during the 1930s, BKWSU is a spiritual civil society organization with more than 825,000 regular members in 100 countries [27] . In October 2017, the BGC and BKWSU signed a memorandum of understanding (MOU) in Jaipur. This process went smoothly because the BGC and BKWSU already had a good relationship as a result of previous collaboration in stress management activities, and both are committed to improving access to healthcare services in local communities. In November 2017, the BGC and BKWSU agreed to implement pilot PHC services at a BKWSU center located about 20 min away from the Jaipur city center. In addition, the Biyani Ethics Committee approved the PHC research project in Jaipur in December 2017.
In January 2018, the BGC, BKWSU, and KU held a joint three-day training session in Jaipur; the session was coordinated by the BGC. Following this session, a total of 91 participants voluntarily agreed to receive a PHC check-up and participated in a survey. A BGC research team-comprising one field research coordinator, five trained healthcare workers, five survey interviewers, two IT data managers, and three field supervisors-carried out PHC services for a period of two days at the 
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In January 2018, the BGC, BKWSU, and KU held a joint three-day training session in Jaipur; the session was coordinated by the BGC. Following this session, a total of 91 participants voluntarily agreed to receive a PHC check-up and participated in a survey. A BGC research team-comprising one field research coordinator, five trained healthcare workers, five survey interviewers, two IT data Sustainability 2018, 10, 4148 7 of 16 managers, and three field supervisors-carried out PHC services for a period of two days at the BKWSU center. The team were joined by one field research supervisor and one data management specialist from KU. Three BKWSU staff assisted in selecting and organizing volunteers who were willing to participate in the health check-up and survey interview. The PHC research staff comprised students in BGC's nursing department, who were trained to provide PHC services in Hindi. Prior to implementing the PHC services, health awareness events were held at the BKWSU center to inform people about the availability of PHC services. The participants were regular BKWSU members older than 18 who were willing to participate. Project staff from BKWSU and the BGC scheduled their appointments. Throughout these co-design and co-production with BKWSU in Phase 2 ( Figure 6 
managers, and three field supervisors-carried out PHC services for a period of two days at the BKWSU center. The team were joined by one field research supervisor and one data management specialist from KU. Three BKWSU staff assisted in selecting and organizing volunteers who were willing to participate in the health check-up and survey interview. The PHC research staff comprised students in BGC's nursing department, who were trained to provide PHC services in Hindi. Prior to implementing the PHC services, health awareness events were held at the BKWSU center to inform people about the availability of PHC services. The participants were regular BKWSU members older than 18 who were willing to participate. Project staff from BKWSU and the BGC scheduled their appointments. Throughout these co-design and co-production with BKWSU in Phase 2 ( Figure 6 ), we identified their health needs for additional blood tests such as hemoglobin A1c (HbA1c), High Density Lipoprotein (HDL)/Low Density Lipoprotein (LDL) cholesterol, and triglycerides. 
Phase 3: Co-Design and Co-Production with a Local Industry
Phase 3 started in January 2018. Sharing the same core research objective as Phase 2, Phase 3 sought to understand the health status, behaviors, and needs of local communities, as well as the effectiveness and acceptability of the PHC project in Jaipur District. However, unlike Phase 2, the target population in Phase 3 comprised industry employees rather than local residents or members of the civil society. Our aim was to identify the subpopulations that were most in need of services. Thus, Phase 3 enabled the comparison between the health needs, status, and behaviors of members of civil society organizations, industry employees, and general community members.
First, the BGC staff called local industries with whom they had a good relationship to schedule a meeting to explain our research. After several industries were contacted, one of the largest milk product enterprises in Rajasthan State, Saras Jaipur Dairy (SJD), expressed strong interest in providing health check-ups for their employees, and agreed to let us use their facility rooms in March 2018 (Figure 2) . Located near the Jaipur city center, SJD is approximately a 40-minute drive from the BGC. SJD's expectation was that we would establish a sustainable healthcare service system for its employees.
In March 2018, the BGC and KU held a joint three-day training session at the BGC campus in Jaipur. At this time, new aspects of PHC services-namely, an eye exam, as well as blood tests for HbA1c, HDL/LDL cholesterol, and triglycerides-were added due to these items being in high demand during phases 1 and 2. These additional tests were made possible by the provision of additional financial support in Phase 3. For the eye check-up, we used a new portable eye camera recently introduced from Germany and produced by Bosch Eye Care (Robert Bosch Engineering and Business Solutions Pvt. Ltd., Bangalore, India) that could capture high-quality images of the eye fundus. This technology allows for easy screening to detect early signs of retinal abnormalities such as diabetic retinopathy, glaucoma, and age-related macular degeneration (AMD). For the hemoglobin test, we used a new device called the Astrim noninvasive blood vessel monitoring apparatus (Sysmex, Kobe, Japan).
After the training, a PHC camp was set up in the SJD facility space, and services were provided for a period of three days (Figure 7) . The BGC research team was expanded to comprise one field research coordinator, three field supervisors, six trained healthcare workers, six survey interviewers, 
After the training, a PHC camp was set up in the SJD facility space, and services were provided for a period of three days (Figure 7) . The BGC research team was expanded to comprise one field research coordinator, three field supervisors, six trained healthcare workers, six survey interviewers, two IT data managers, two registration staff, four eye photo staff, and two medical doctors. Three staff Sustainability 2018, 10, 4148 8 of 16 from KU participated in both the training and field implementation to provide support and advice. A total of 205 people participated in both the check-up and survey interview. All of the participants were SJD employees from different sectors-including finance and accounting, factory production, marketing, engineering, security, cleaning, and transport-who were willing to participate. Following this three-day PHC camp at SJD, another round of PHC services was held on the BGC campus for one day. Approximately 87 BGC staff and faculty members participated.
As such, the process of PHC services provided at the SJD and BGC during Phase 3 was the same as that in Phase 2. However, Phase 3 investigated health needs from the perspective of service providers. The need for this qualitative investigation was based on key informant interviews with two local doctors, one pharmacist, and two nurses. The PHC project in Jaipur District remains ongoing, providing a basis for further sustainable transdisciplinary research. two IT data managers, two registration staff, four eye photo staff, and two medical doctors. Three staff from KU participated in both the training and field implementation to provide support and advice. A total of 205 people participated in both the check-up and survey interview. All of the participants were SJD employees from different sectors-including finance and accounting, factory production, marketing, engineering, security, cleaning, and transport-who were willing to participate. Following this three-day PHC camp at SJD, another round of PHC services was held on the BGC campus for one day. Approximately 87 BGC staff and faculty members participated. As such, the process of PHC services provided at the SJD and BGC during Phase 3 was the same as that in Phase 2. However, Phase 3 investigated health needs from the perspective of service providers. The need for this qualitative investigation was based on key informant interviews with two local doctors, one pharmacist, and two nurses. The PHC project in Jaipur District remains ongoing, providing a basis for further sustainable transdisciplinary research. 
Summary of Co-Design and Co-Production in All Four Phases
Six steps were followed in the four phases described in this section (Figure 8 ). These steps can be summarized as follows.
Step 1: Jointly develop and revise a research plan and protocol that include research objectives, methods, a timeline of activities, and a budget.
Step 2: Establish a collaborative agreement regarding the research plan and protocol with both academic and non-academic stakeholders through meetings, consultations, and workshops.
Step 3: In collaboration with stakeholders, conduct local staff training based on the protocol in order to improve the quality of services and data.
Step 4: Implement the pilot PHC project involving all of the stakeholders.
Step 5: Analyze and disseminate the results obtained through feedback to all of the stakeholders by means of presentations, workshops, and conferences.
Step 6: Revise the research plan and protocol based on feedback from stakeholders, including provision for local needs, as well as stakeholder priorities and requests. 
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Lessons Learned and Key Factors for Effective Co-Design and Co-Production
This section presents the lessons learned through the processes of co-design and co-production during the four phases discussed in the previous section. Based on these lessons learned, this section also presents the key factors that facilitated effective co-design and co-production ( Figure 9 ). We identified eight key lessons and factors.
First, we learned that it is critical that stakeholders share, mutually agree on, and understand a long-term research plan, protocol, and budget (including a timeline, stakeholders' roles, and data ownership policy) to ensure effective co-design and co-production. We failed to develop a research plan and protocol in Phase 0 due to insufficient funds and manpower. Without a long-term plan with a secure budget, well-defined stakeholder roles, or a data ownership policy, we experienced difficulties insofar as stakeholders were unwilling to agree on collaborative implementation. These problems were resolved in Phase 2, when we jointly developed a research plan and protocol.
Second, we learned that stakeholder expectations need to correlate with research objectives, frames, and local or regional scales. Since this research was based on our proposal rather than stakeholder requests, we needed to engage with stakeholders to harmonize the research objectives, frames, and scales. In Phase 1, local government stakeholders expected that the PHC project would: (1) include MCH and oral health services; (2) gain the trust of local communities; (3) increase health awareness in local communities; (4) produce evidence that PHC services are effective; (5) be replicable in other villages or districts in Rajasthan for scale-up purposes; and (6) align with India's national health policy framework. At this stage, we were unable to integrate all of the stakeholder expectations into our research plan and protocol due to insufficient funding and a lack of human resources. Moreover, we did not have enough experience or evidence to prove that PHC services are an effective model that is able to gain a community's trust. Consequently, we needed to revise our research objectives to identify relevant or desired needs for check-ups, as well as investigate the effectiveness of PHC services on people's health and behavior over time among smaller-scale subpopulations in different parts of Jaipur.
Third, we learned that co-design and co-production are much more effective and smoothly implemented when local stakeholders are highly committed to the research and recognize their stake in the results. In our case study, stakeholders had significant commitment and willingness to collaborate, because we adjusted the health check-up activities to their needs and priorities. During Phase 2, we conducted a needs assessment using a survey interview. More than one-third of participants reported needing eye check-ups, which more than half reported utilizing Ayurvedic medicine when sick. Based on the outcomes of this needs assessment, we incorporated an eye exam into the check-up, and assigned Indian doctors with knowledge of Ayurveda to the PHC health consultation services. As a result, local stakeholders and participants expressed strong interest and willingness to cooperatively design and implement our research activities. Moreover, based on the results of the needs assessment and multiple focus group discussions, we learned about the gap between top-down, scientific, expert knowledge, and bottom-up, practical knowledge from community members. We found that research activities based on bottom-up, practical knowledge and the needs of local participants increased the satisfaction of both local participants stakeholders, increasing their willingness to collaborate in the project. In addition, the use of innovative and accurate tests and devices for check-ups correlated with the needs of local stakeholders, thus facilitating effective co-production among them. In Phase 3, we used innovative procedures such as eye exams and hemoglobin tests, which were imported from Germany and Japan, respectively. In the research evaluation of Phase 3, local stakeholders mentioned their appreciation for these new tests, and that they trusted the accuracy of the results. They also noted their desire to continue implementing these activities on a regular basis. Meanwhile, the participants were very curious about the new tests, increasing their overall satisfaction with the health check-up services.
Fourth, we found that the quality of health check-up services must correspond to the needs of local stakeholders, thereby increasing their satisfaction and sense of benefitting from the project.
We also learned that sufficient training and the use of skilled, well-trained research staff are important for co-production with local stakeholders. As a result of extensive three-day training session, our field staff-including healthcare workers and interviewers-acted in a professional, consistent manner during Phase 3. They also gained further experience in the course of the project, thus further improving their skills. As noted, the use of accurate tests and the high quality of services with well-trained research staff helped increase local stakeholder trust, as did attention to local needs ( Figure 9) . Fifth, we realized the importance of trust and the necessity of effective coordinators. From the beginning of co-design, there was good rapport between our local stakeholders and the BGC, because the BGC is widely known as a non-profit organization that contributes to local community development, social services, and women's empowerment. With such a positive reputation and pre-established networks, the BGC served as an effective local coordinator and intermediary between local stakeholders and KU. As such, the fifth lesson and key factor pertains to effective coordinators who are trusted by the local communities and are thus able to utilize and expand their networks to advance co-design and co-production.
Sixth, we recognized the role played by the personalities and characteristics of stakeholder leaders. Characterized by social interaction, positive engagement, and an action-oriented nature, our stakeholders were mostly willing, supportive, and enthusiastic to try new things in healthcare services. Such openness, agreeableness, and positive stakeholder characteristics proved favorable for effective co-design and co-production.
Seventh, we learned that the capacity building of field research staff and the empowerment of local participants is a key factor in successful co-design and co-production. In this study, all of the field staff were hired from the BGC senior student pool and faculty who were interested in local, community-based health research. Throughout the training and research activities, these staff members acquired knowledge, skills, and self-confidence pertaining to health check-ups, disease prevention, and health information. In addition to the staff, local participants gained awareness of their personal health conditions after receiving check-ups and test results. As a result of capacity-building and the empowerment of staff and participants, local stakeholders were more willing to collaborate in the research activities.
Finally, we learned that co-design and co-production are time-consuming and need iterations over the course. Therefore, ongoing and consistent effort to engage with stakeholders through meetings, consultations, and actual implementation (the eighth factor) are necessary to maintain collaborative relationships. We found that more direct, in-person courtesy visits, meetings, and workshops-rather than phone calls, Skype, and email exchanges-were more effective for communicating with local stakeholders. Sustainability 2018, 10, x FOR PEER REVIEW 11 of 16
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Discussion
In this health-focused, transdisciplinary study, we learned that the following eight factors facilitate effective co-design and co-production processes: (1) mutual stakeholder agreement on a long-term research plan, protocol, and budget; (2) correlating research objectives, frames, and the scale of stakeholder expectations; (3) stakeholder commitment and cultivating a sense of ownership by adapting to their needs and priorities; (4) stakeholder trust; (5) effective coordinators; (6) stakeholder leader's personality type and characteristics; (7) capacity-building and the empowerment of local research staff and participants; and (8) ongoing efforts to involve stakeholders throughout co-design and co-production. A number of studies have documented the lessons learned, principles, and frameworks of the early co-design phases in transdisciplinary research [1, 2, 4, 5, 7, 9, [12] [13] [14] [15] [16] [17] [18] [19] 28] . These include the "framing of problems and objectives", "social capital", "joint understanding and mutual trust", "scaling", "accountability", "ownership and roles", "priorities and needs", and "capacity-building". Many of these key factors are similar to those identified in our PHC research in India. As such, it is necessary to discuss these key factors in relation to the extant literature.
With regard to the first key factor-"mutual stakeholder agreement on a long-term research plan, protocol, and budget"-Naqshbandi et al. have suggested the importance of a flexible research agenda amendable to community timelines, as well as need to ensure that stakeholder roles and research methodology are mutually agreed upon [28] . In addition, Zscheischler et al. reported that transdisciplinary research is a science-practice collaboration with both scientific and societal actors jointly controlling the research plan, design, and protocol-that is to say, the research is not only controlled by researchers [12] . The findings of these previous studies support the notion that our first key factor is critical for effective co-design and co-production. Furthermore, Moser has emphasized that a sense of co-ownership on the part of local stakeholders is key in the initial stage of co-design [1] . This indicates that mutual understanding of and agreement on stakeholder roles and responsibilities under the research plan, protocol, and budget will positively influence stakeholders' sense of ownership.
The second key factor that we identified-"correlating research objectives, frames, and the scale of stakeholder expectations"-was indicated in the work of Emmons et al., who demonstrated that developing shared expectations, operating principles, and language in the context of academiccommunity partnerships is vital [15] . Page et al. have also stressed the importance of careful research design that includes a research purpose, vision, and incentives that motivate stakeholders with different perspectives and backgrounds [7] . These studies support our claim that incorporating research objectives, frames, and scales that correlate with stakeholder perspectives and expectations is necessary for co-design and co-production.
The third key factor-"stakeholders' commitment and a sense of ownership derived from their needs and priorities"-has been illustrated by Van der Hel et al. These researchers reported that transdisciplinary research-which is responsive to the needs of societal actors-is essential for developing social credibility and accountability, thereby increasing the likelihood of collaboration between science and society [9] . Emmons has also suggested that transdisciplinary research in community settings requires knowledge of local cultural needs and preferences [15] . These findings indicate that transdisciplinary research, which is based on stakeholder needs and priorities, can encourage stakeholder commitment, a sense of ownership, and accountability for co-design and co-production. Moreover, Van der Hel et al. indicated that this third factor develops and increases "stakeholder trust and accountability" (i.e., social capital), which is the fourth key factor.
Regarding stakeholder trust and social capital-the fourth key factor-Naqshbandi et al. proposed that "promoting dialogue and developing trust between all partners" is a key principle of CBPR [28] (p. 407). Zscheischler et al. also underscored the importance of mutual trust and network reliance among project partners [12] . As such, these studies support our finding that stakeholder trust and accountability are helpful for effective co-design and co-production.
The fifth key factor is the necessity of an effective coordinator to act as a bridge between academic and non-academic stakeholders. The BGC has extensive networks and a long history of collaborating with community organizations, industries, and different levels of government in Rajasthan. Coordinators who understand local situations and are trusted by local communities are critical for the initiative overall, not just effective co-design and co-production [15] . We found that effective coordinators can help facilitate and harmonize different understandings, expectations, and needs among stakeholders. This indicates that the fifth factor is deeply related to the first, second, and third key factors. In this regard, Zscheischler et al. (2017) have highlighted the importance of coordinating researchers who can facilitate joint decision-making and mutual learning, not only between science and practice, but also between the natural and social sciences over the course of transdisciplinary research projects [12] .
The sixth key factor we identified pertained to "stakeholder leader's personality type and characteristics." Moser reported that the openness, agreeableness, and positive characteristics of stakeholders were critical elements for effective communication and knowledge sharing. Moreover, Yahara illustrated that good leadership comprises five personality characteristics, in which an individual is: (1) highly open; (2) highly aware; (3) highly extroverted; (4) highly agreeable; and (5) not overly neurotic and acts with clear vision, action, and compassion [29] . As such, the extant literature indicates that co-design and co-production run more smoothly if stakeholder leaders have the following five characteristics: (1) a willingness to try new and unconventional things; (2) willingness to plan, organize, and take responsibility; (3) be socially engaged, enthusiastic, and action-oriented; (4) be friendly, co-operative, compassionate, and less suspicious of others; and (5) feel positive emotions, be slow to anger, and exhibit emotional stability.
The seventh key factor is "capacity-building and the empowerment of local research staff and participants". Previous studies have reported that community empowerment and resource development-identified as "co-learning" activities with all of the partners in all of the phases of research-are a key principle in effective transdisciplinary research [1, 5, 18] as well as CBPR [15, 27, 30] . In most transdisciplinary research, community members involved in research projects are considered local stakeholders. However, markedly few studies have implemented "empowerment" activities within the transdisciplinary process [2] . Real empowerment requires commitment from all social groups, including scientists, policymakers, and civil society [2] . While commitment from local stakeholders was achieved in our case study, not all of the stakeholders were directly involved in capacity-building and empowerment activities-such as joint training sessions and workshops among KU and BGC research staff. In our research, we found that the more time we spent on capacity-building, training, and empowerment activities prior to implementation, the better the quality of the PHC research activities and the more satisfied the participants.
Finally, the eighth factor that we identified as integral is the need for "ongoing efforts to involve stakeholders throughout the co-design and co-production processes". In this regard, Zscheischler et al. suggested that regular meetings between science and practice resulted in mutual learning, collaboration, and increased motivation among stakeholders [12] . In addition, Emmons et al. and Naqshbandi et al. noted that sharing knowledge and information through multidirectional communication with community partners in all of the phases of research is helpful for sustainable collaboration and partnerships [15, 28] . Naqshbandi et al. also suggested that face-to-face communication by traveling to meet with community leaders is important to build and maintain strong relationships and partnerships with stakeholders. In our study, we made multiple courtesy visits and held meetings and discussions before, during, and after implementing the PHC research. We usually provided lunch, snacks, and/or coffee during the meetings. These findings suggest that continuous efforts toward direct face-to-face meetings facilitated the building of trust and mutual understanding among stakeholders, thereby supporting the other factors.
Although the eight factors discussed in the previous section have facilitated effective co-design and co-production in our research, we experienced several challenges. For example, we experienced communication difficulties due to different expectations, priorities, and values among non-academic stakeholders, as well as the complexity of the local society. Oftentimes, it was hard to bridge these gaps between scientific theory and real-world practice. Structures of co-production are inherently unstable and may have unclear and/or shifting goals, and this process also produces conflicts and can be unpredictable among stakeholders [3] . In retrospect, we should have engaged with all levels of government, industry, and communities earlier in our co-design process; this would have reduced the need to go back and forth between co-design and co-production. In addition, we should have involved more people from all levels of the organizational hierarchy among each stakeholder to harmonize the gaps within each stakeholder.
Certain key factors-such as effective local coordinators, the personality types of stakeholder leaders, and ongoing involvement with stakeholders-helped mitigate challenging situations.
Conclusions
Based on the lessons learned from our case study-the development and implementation of PHC services in India-we identified eight factors that were useful for effective co-design and co-production. Although these factors are similar to those described in previous studies, the frameworks developed according to these eight factors ( Figure 9 ) provide insight into successful co-design and co-production in the context of health-related, transdisciplinary research in Asia. Additionally, this paper suggests the potential of the community-based, mobile health check-up project in Jaipur, which will contribute to SDGs such as "good health and well-being" (SDG3) and "partnerships for goals" (SDG17) by encouraging more community people, industry, and government employees to have health check-ups on a regular basis. 
